Summary
Introduction: Resource accounting theory and practice
Economic activity in the land using sector entails interaction with the natural environment which may be viewed as a stock of natural capital. Where this stock is depleted the ability to generate income in the future will be decreased, in the same way that the consumption of reproducible (or man-made) capital will reduce future potential. A land-using sector which depletes the stock of capital, natural and reproducible, clearly will not be sustainable in the long run. Traditional measures have long been recognized to reflect welfare only inadequately, due to their treatment of non-marketed assets, human capital and natural resources. A framework to reflect the use of natural resources at the national level is in the process of being agreed by the United Nations Statistical Office for recommendation, but there is much debate as to the feasibility of the proposed alterations and potential for further amendment (see Bartelmus, Stahmer and van Tongeren, 1991) . The adjustments include the pricing of exhaustible resources to reflect asset depletion, defensive expenditures by households and governments which maintain the stock of natural capital, and degradation or enhancement of non-marketed natural capital, such as air, soil and water, bio-diversity and historical and cultural assets.
The issues within the framework addressed in this paper concern the implementation of these adjustments for pollutants and degradation of natural capital within agricultural sector accounts. The widely known study of revised accounts for Indonesia (Repetto et al., 1989) found a greatly reduced growth rate over the traditionally calculated rate, mainly due to the depletion of that country's oil reserves and to reduction of renewable forest stocks. The principal adjustments in the study of the land-using sector in Great Britain that follows concern non-marketed natural capital, defensive government expenditures and positive non-market externalities associated with land use. These raise the issues of the feasibility and benefit of providing physical information and monetary adjustments to accounts on an annual basis. Monetary estimates using non-market evaluation techniques are incorporated into the calculations made in the case study. Economic evaluation of non-marketed goods has primarily been undertaken to assist ex ante project decision-making, rather than as an ex post record of changes in the stock of natural capital. A closely related issue therefore is the role of nonmarket evaluation, as well as the role of physical and economic environmental information in the analysis of potential policies and in providing a measure of aggregate well-being for international and intertemporal comparisons.
In the UK, environmental information is collated by the Department of the Environment from other relevant departments and agencies in the Digest of Environmental Protection and Water Statistics DOE (1990) . This information has been further amalgamated to the international level, such as the OECD's State of the Environment, and the Environmental Data Report of the United Nations Environment Programme (OECD, 1991; UNEP, 1989) . How useful is this information? Two directions that have been researched to make the collection of environmental statistics meaningful to decisionmakers are those of pricing the changes in stocks of natural capital and incorporating these into national income accounts, addressed in this paper; and of constructing environmental indices for the data already collected (see Hope, Parker and Peake, 1992, and den Butter, 1992 , for example).
The basis for the incorporation of the value of the changes in natural capital into the national accounts is that of 'sustainable' income. For sustai-Natural-resource accounting 79 nability to be operational, it must be so in the social, political, economic and ecological domains. This diversity has not yet been addressed successfully but neo-classical economics provides one of the few operational definitions, following closely from that of the Brundtland Commission (WCED, 1987) . This embodies the concept of sustainability meeting the consumption of the present without compromising the ability of the system to do so in future generations. This has been applied in the aggregate measure of income -sustainable income being that which does not reduce the possibility of the generation of the same income in the future: depletion of the stock of natural capital is a threat to such an outcome.
Resource accounting theory

Sustainable income
Although a range of revisions have been suggested dealing with environmental and human capital (Ahmad, El Serafy and Lutz, 1989; Eisner, 1988) there is, so far, no consensus as to correct procedures. The reasons for this stem from the inconsistencies in the underlying economic model of income generated in an economy (Norgaard, 1989) and from suggested revisions requiring large capacities for data collection. Feasible revisions have at this stage focussed on environmental capital, rather than on the more intractable problems tackled by social indices, such as the UN's Human Development Index (UNDP, 1990) . The alternative rationales of particular solutions for the incorporation of environmental data into a physical accounting system, or the value of these into the revision of net product, is to provide an indicator of growth or economic well-being, or a tool for ex ante micro-level analysis.
1 The requirement for revision is reflected in the debate on national income accounting arising from the new UN System of National Accounts and experience in developing and developed countries (see Peskin, 1989, and Peskin and Lutz, 1990 , for example).
The premise underlying resource accounting is that natural resources are essential to production and consumption for the maintenance of lifesupporting systems, as well as having intrinsic value in existence for intergenerational and other reasons. This leads to the conclusion that natural capital should be treated in a similar manner to man-made capital in accounting terms, so that the ability to generate income in the future is reduced, if the stock falls. If a correct value can be placed on natural capital under an accounting system, the implication is that if stocks of natural capital are depleted to increase stocks of man-made capital, then the ability to generate income in the future will be maintained.
The measure of income recommended by Daly (1989) at the general level, for example, is that level of consumption that can be reached without jeopardizing the future generation of income or welfare. This, according to Daly, is consistent with the classic Hicksian definition. Although Gross national Product (GNP) and Gross Domestic Product (GDP) are most frequently used as proxies for economic growth, Net National Product (NNP) more accurately reflects the level of consumption which will not leave the economy worse off in the long run as it incorporates allowance for the run down of the stock of capital.
The emphasis in the literature has been on the revision of NNP for changes in reproducible (or man-made) capital K R and natural capital K N . Daly's (1989) suggested modifications lead to what he describes as 'Sustainable Social Net National Product', which is found by subtracting defensive expenditures and depreciation of natural capital from the traditional net product measure:
where C = aggregate consumption K R = change in reproducible capital stock C D = defensive expenditure or consumption by households and governments K N = change in natural capital stock The measurement of the changes of the stock of natural capital are not discussed, but solutions to this problem, based on the optimal use of exhaustible resources, have been suggested by Hartwick (1990) and Maler (1991) among others. Hartwick's (1990) 'true' net national product is traditional gross product less a rental for each type of natural capital (marketed and non-marketed). This rent is the price less marginal cost multiplied by the change in stock. This results in a formula for NNP of:
where P R = market price of the resources, p r = marginal cost of extraction, Q N = the quantity extracted Djv = the quantity discovered in the time period A fundamental difference between these two approaches is whether defensive expenditure by households and firms should be deducted from Net Product. The intuitive argument is that if extra expenditure is incurred to maintain the level of environmental quality due to extra pollution over the period, then the individual's welfare is not enhanced, but the measured Net Product increases by the amount of the extra expenditure. Thus, if a river is polluted through a discharge of slurry and public expenditure is incurred to re-stock the river with fish to its original level, the level of economic activity in the economy rises but 'welfare' has remained constant. A secondary argument is that this expenditure incurred by firms constitutes intermediate expenditure, unlike that of households and governments and households, so the treatment of defensive type expenditure is inconsistent.
Both of these points are rejected by Maler (1991) (see also Bojo, Maler and Unemo, 1990; Borlin, 1991) . Defensive expenditure by firms constitutes income to those selling the services, and the final demand of the sector producing the intermediate goods does not enter into GDP, so inconsistency between the productive sector and the public and household sectors does not exist. The thrust of the argument against the deduction of defensive expenditures is not, then, inconsistency, but that all expenditure increases the welfare of those who have undertaken it and that the attribution of defensive expenditures to public sector action could lead to counter-intuitive outcomes (Bojo, Maler and Unemo, 1990) . If, for example, government expenditure on the maintenance of the stock of natural capital inherent in nature conservation was treated as defensive expenditure and subtracted from NNP, then the incentive for a government concerned with growth in NNP would be either to reduce this expenditure, or to have it reclassified. Recognising that counter-intuitive outcomes do exist, we reject the argument that net produce should not be adjusted for defensive expenditures. The counter-intuitive outcomes alluded to simply illustrate an anomaly in the treatment of the public sector in national accounts, rather than disproving the more general assertion that deducting defensive expenditure results in a measure which more accurately reflects economic well being.
The overriding problem with this modification, as with others, is the delineation of the categories of expenditure. In the case of defensive expenditure, it has been suggested that the minimum expenditures that should logically be subtracted from Net Product are the costs of environmental protection and expenditures for damage compensation. Additional categories suggested by Daly (1989) reflect concerns in post-industrial societies of decreased quality of mainly urban environments. They include the costs of transport congestion, including health service costs of accidents; increased costs of crime prevention (implicitly regarding high crime levels as a cost of higher levels of economic activity); and increased expenditures incurred due to unhealthy working and living conditions and addictions such as to alcohol and tobacco. This is clearly a large agenda of issues and would widen the 'environmental' modifications proposed here. Again the fundamental objective of the measurement of welfare is the guiding rule for determining the revision of the accounts.
Positive externalities and modified welfare
There are presently moves towards accepting economic evaluation of environmental goods into policy prescriptions in the UK, under the 1990 Environmental Protection Act, which give impetus to these measures for ex ante analysis (see DOE, 1991, for example) . In the US a contigent valuation of the non-marketed cost of the Exxon Valdes oil spill in litigation against those causing the spill has been ruled to be acceptable. As for the use of these measures at the aggregate level, it has been argued that Net Product as measured through marketed economic activity has never measured welfare in an economy, but changes in it follow changes in overall welfare. This is based on definitions (following Lecomber, 1978) of Social welfare as a summation of non-economic and economic welfare: SOCIAL WELFARE = ECONOMIC WELFARE (GNP as a proxy) + NON-ECONOMIC WELFARE A framework incorporating non-economic (or non-marketed) welfare would therefore show the relative contribution of non-marketed externalities. A modified welfare adjustment is included and estimated in the case study below to quantify the aggregate consumer surplus for certain non-use, indirect use and existence values. This does not relate to sustainable income but shows the implications of policy changes within the sector. Although sectors such as the land-using sector will appear to make a relatively large contribution to aggregate welfare, this reflects the predominance of natural resources associated with that part of the economy.
The total value of a resource can be envisaged as the sum of use, indirect use and existence values, which can be identified through revealed and expressed preference techniques (see Johansson, 1990, for example) . These values are dependent on information available to society; rainforests would tend to be more highly valued when public awareness is heightened over species loss and potential climatic change. This heightened awareness can manifest itself in many non-economic ways, but increased expressed willingness to pay to save these assets shows changes in their relative value in terms of the monetary numeraire. Changes in these service flows result in changes in the 'quality of life' or aggregate welfare within an economy. Increases in pollution and negative landscape externalities will reduce the non-marketed benefit from the depleted stock of natural capital. The Great Britain case study below discusses these issues by estimating the non-marketed service flows associated with the primary land-using sector.
Natural resource accounting in practice: An illustrative case study
The relevance of the expansion of national accounts to include environmental capital is more critical in those economies with a high reliance on primary production, and development strategies based on these sectors, typical of many developing countries. This has been illustrated by Repetto et al. (1989) for Indonesia, with an analysis of the high economic growth rates experienced in the 1970s and 1980s. This growth was in part fuelled by increasing production of tropical hardwoods, hence loss of forest stock, through increased oil production, and through increased agricultural output, the external costs of which include increased soil erosion. Data requirements for this analysis are large, and the Indonesian and Costa Rican studies of the World Resources Institute (Repetto et al, 1989; Solorzano et al., 1991) illustrate the need for coordinated data collection on environmental issues in developing countries.
Resource accounting could potentially show the effects of these on the national income accounts and, for the Indonesian case, has illustrated that sustained growth based on depletion of natural capital will depend on reinvestment of income generated in reproducible capital. The environmental problems associated with agricultural sectors in regions where these constitute a small part of the macroeconomy, as in Europe, tend to focus on land as a sink for pollutants and competing non-marketed activities for land use, rather than on the acute requirements of the land-use sector as a source. The issues involved in resource accounting for a developed country's landuse sector tend, therefore, to be somewhat different.
Land use accounts for Great Britain
In a developed country, the role of land as a sink for the pollutants of other sectors of the economy and as a source of recreational and amenity benefits are important issues in this sector's role in the economy. This is not reflected in traditional accounts for the agricultural sector, and estimates for the revision of these for the land-using sector of Great Britain are now presented to illustrate these themes. The case study of the primary land-using sector illustrates a number of important dilemmas in the implementation of environmental accounting as discussed above.
The first of these is to delineate the sector in a meaningful way to highlight the environmental externalities. The primary land-using sector in Great Britain is not normally considered as an accounting unit; the study highlights the need for this, although UK estimates would be preferable. 2 The results are critically dependent on the accounting limits set. Thus, pollution of water courses by run-off and leaching of nitrate fertilizer is a degradation of the stock of natural capital, but the raw materials used in their manufacture are a charge against the manufacturing sector.
The framework adopted follows Daly (1989) but extends this to estimate modified net welfare -the contribution of the land use sector to overall welfare. The adjustments then are:
where Net product = gross income from the sector less K R (change in reproducible capital stock) C D = defensive expenditure or consumption by households and governments K N = change in natural capital stock
The modified welfare measure is:
Modified Net Welfare = Sustainable Net Income + A/MS where NMS = annual non-marketed service flows from the land use sector. The environmental modifications estimated below give a measure of sustainable income for the primary land-use sector. The adjustments are separated into defensive expenditures and degradation of natural capital and an estimate for the aggregate non-marketed services from the sector. The modifications for environmental quality are taken from the Great Britain baseline sectoral account. Table 1 summarizes the methodology used to generate the estimates of the externalities. These are from published sources of information, only some of which is repeatable on an annual basis, emphasizing the data deficiency if modified accounts are to become standard procedure.
Estimation for the Great Britain land-use sector -stock of natural capital
The main stock of natural capital associated with the primary land-use sector is soil and water, although the study excludes the water supply industry, which is outside its scope. The physical pollution by the industries focussed on here is nitrogen pollution. Additionally, the role of primary land-using industries as a sink for carbon emissions from other sectors is investigated. This debate reflects concern about the sustainability of modern farming and forestry practices, their stock of carbon, and their impact on the greenhouse effect. Forestry in particular has been prominent in debate where the carbon sequestration properties of tropical and temperate forests provide justification for afforestation policies or particular projects (see Trexler, Faeth and Kramer, 1989 , for example). Table 2 shows a carbon balance for land use in Great Britain for 1988. This is the result of a model of historical land-use change in Great Britain with secondary information on the carbon fluctuations associated with agriculture and forestry operations. The impact of the land-using sector in terms of pollutants affecting the global environmental system were estimated to . * Methane in carbon dioxide equivalent, based on instantaneous effect. The relative global warming potential of different greenhouse gases varies depending on the time horizon of the analysis, as discussed in .
show the relative size and potential of this sector in terms of offsetting emissions of greenhouse gases (see , for discussion). This was undertaken by modelling the organic carbon fluctuations associated with land use, and especially changing land use in Britain in the period from 1947 to 1980. A transition matrix showing land use and land-use change from remote sensing data was combined with estimated annual carbon factors for biomass and soil carbon to produce the aggregate figures for annual carbon retention in land remaining in the same use, and emissions from land and changing land use during the period (in Table 2 ). Estimates of the carbon (and methane as carbon dioxide equivalent) from the operation of the agriculture and forestry sectors were then combined to give the annual balance.
The table shows that 2,224 kilotonnes of carbon dioxide carbon equivalent (kt C) are fixed per year in the soil and biomass of land which has remained in the same use over the study period. This area is 66% of the land area of Great Britain and includes much of the broadleaved and commercial coniferous forestry. Land use change (on 34% of the area in the period 1947 to 1980) has brought about an annual 903 kt C loss, due mainly to the loss of soil organic matter in areas converted to arable use, and the loss of upland semi-natural biomass in conversion to agricultural and forestry uses. The table also includes direct emissions from energy use in the agriculture and forestry sectors (such as machinery, heating and other fossil fuel use), emissions from the application of lime and emissions of methane directly from cattle and stored manure. Agricultural produce and timber from the forestry sector are accounted for as being fixed by that sector, the eventual emission from the breakdown of the products being counted in that sector.
The net effect is the difference between emissions and fixations in Table 2 of 4.30 million tonnes of carbon per annum. The significance of these findings in terms of the stock of carbon and of the economic implications, if these are to be incorporated into a national accounting framework, are based on their impact on the environment. The aggregate balance of carbon is relatively insignificant in terms of all greenhouse gas emissions from the economy of Great Britain, and the potential for increase is limited, but the net fixation nevertheless has value.
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This value is taken from a study deriving the opportunity cost of carbon emissions in terms of switching to non-carbon-emitting energy sources, given present and projected future technologies (Anderson, 1991) . The cost of each tonne of carbon emitted is the bringing forward of the date when carbon accumulation will have reached an unacceptable limit and non-carbonemitting technologies (or land uses) will have to be substituted. There is assumed to be some unacceptable level of accumulated atmospheric carbon, which is taken as the level which will have doubled carbon dioxide concentrations from pre-industrial levels (the level given by the Intergovernmental Panel on Climate Change as that likely to cause increases in global mean temperature in the range of 1.5-4.5°C [IPCC, 1990] ). This level is, however, arbitrary; the warming experienced with this level of concentration, the emissions causing this level, and the costs associated with the resulting warming are all highly uncertain and open to debate (Wigley and Raper, 1992; Carter, Porter and Parry, 1991, for example) . When this level is reached, carbon-emitting technologies will be forced to be replaced by non-carbonemitting technologies.
The implications for the forestry industry of the imposition of taxes on emissions (and subsidies on sequestrations) of the calculated social cost (and social benefit) of carbon are estimated by Anderson (1991) . 4 Sequestrations through growth and emissions through harvesting occur at different times and are converted to present values in the analysis. The social cost estimate of £30.77/tC in this study is simply applied to the net emissions from agriculture and forestry, given present land use. The results from the carbon balance table are net of changes in soil and biomass carbon, and of the other emissions from agriculture and forestry, and so the per tonne of carbon figure can simply be applied to these. The difference between the emissions and fixation of carbon from the carbon balance table is 4.30 million tonnes of carbon, which leads to a carbon credit benefit of £132.2 m, given present agricultural and forestry practices and land use.
Aggregate nitrogen sources of agricultural pollution for Great Britain are presented in Table 3 . 5 These are nitrogen inputs into agricultural and forestry production. Each has separate environmental consequences, some of which are easy to separate into contributions from the land-use sector, while others are additive to emissions from other sectors. The varying importance of the different nitrogen based substances in Table 3 should be recognised. The figures are based on a study of 1978 land use by the Royal Society (1983) but updated in line with 1988 land-use data. The costs of nitrate pollution are mainly potential health effects from decline in water quality, such as stomach cancer, which are discussed in detail in Hanley (1990) . All of the source substances 7-10 listed in Table 3 however, have negative environmental impacts as pollutants -the cost of this pollution will be determined by interdependencies with other pollutants and their spatial concentration.
As a start in the evaluation process, Table 3 presents a satellite account for nitrogen, showing the quantities added to, accumulating in and leaving the agricultural sector in 1988. Only those quantities of environmental significance are included. Items 1-3, totalling 417 kt, are sinks for pollution, while items 7-10 are immediate sources of pollution and amount to 1327 kt. Item 4 refers to its production of proteins for food, and items 5 and 6 refer in turn to improvement in soil fertility by handling animal wastes and by the activity of bacteria in fixing nitrogen which is subsequently available as a plant nutrient. These two effects are of more ambiguous benefit in that it could be argued that fixing nitrogen has the same effect as adding fertilizer nitrogen to the soil, namely that it increases the amount of nitrate reaching the water courses. Globally, NO X is recognised as contributing an estimated 4% to aggregate greenhouse gas emissions (Bouwman, 1990 ). This has not been considered in the carbon balance part of the study, but shows the interdependency of many pollutants with multiple souces. An unknown part of item 8 is also in the form of NO X .
Ideally, such impact would be evaluated in monetary terms. However, there has been less specific research on the costs of this pollution, partly because such impacts are disputed (Hanley, 1990) , and a complete evaluation is therefore not possible. The benefits of pollution control of water supplies can, nevertheless, be shown indirectly through revealed and expressed preference techniques. 6 In the case of nitrate pollution the minimum estimate of the benefits of the abatement of agricultural nitrate pollution would be cleaner drinking water valued at £12.97 per household surveyed in 1988 in the Anglian Water Authority area (the worst-affected area in the UK). This gives an aggregate yearly benefit of £10.8 million for the estimated number of consumers affected by excess nitrates in drinking water (reported in Hanley, 1990 ).
Defensive expenditures
Defensive expenditure specifically designed to maintain the factor 'land' in its present state in Great Britain includes expenditure on National Parks, management agreement payments to maintain Sites of Special Scientific Interest, and the cost of river clean-up after agricultural pollution. The delineation of defensive expenditure on agricultural policies with many objectives is difficult, but leads to a total of government defensive expenditures specifically targeted to the primary land-using sector in 1988 of £58 million. Published data sources can be used to extract this information but the delineation of what constitutes defensive expenditure, and the objectives of agricultural and rural policy, are often unclear (see Hill and Young, 1991 , for example).
The aggregate estimates for defensive expenditure in the case of the landusing sector is likely to be an underestimate for having ignored household defensive expenditure, and it could be argued that part of the objective of all agricultural policy expenditure is to protect the rural environment. Payments to Less Favoured Areas, for example, may be considered to have an environmental objective, but they are not included in the estimate, both because this is not a main objective, and because of the potential for these payments and for agricultural price support policies to increase environmental degradation.
Non-marketed service flows
The positive externalities arising from land use are mainly experienced in the form of landscape, wildlife and recreational benefits. If the total economic value concept is to be used to estimate welfare originating in each sector, then the critical issue arises, as in the other potential adjustments, of the limits to which the concept is applied. Because most of these externalities are associated with public goods, of which the more important ones receive some form of official protection, the protection mechanism itself yields indications of their relative size and significance. In the UK a very wideranging and diverse system of designation has been in operation for more than four decades and it has produced an overlapping pattern of designation for particular uses.
The critical assumptions for the valuation of the service flows from the land using sector are:
1. that the designation process of land for conservation and access purposes is the basis for the evaluation of the contribution of the non-marketed stock of natural capital to aggregate welfare in the economy; and 2. that environmental evaluation techniques give an acceptable estimate of the evaluation of service flows. On the first of these assumptions, it could be argued that public goods are valued by means of the political decision-making process. Public goods are traditionally defined by the inherent technical characteristics which lead to non-rivalness and non-excludability in consumption. These goods can alternatively be defined by the political process; hence the land-use designation process can be taken as an indicator of value for non-marketed resources in this sector and changes in the quality of designated areas as changes in natural capital stock.
The alternative welfare measures of these externalities, as discussed below, rely on revealed and expressed preferences of consumers of these public goods. Environmental evaluation has progressed in the last two decades (Smith, 1990) , but the estimates remain critically affected by the set of inherent property rights of the public goods involved, as well as by the acceptability to consumers of a hypothetical market for the good or service (Cummings, Brookshire and Schulze, 1986) . There are also large differences between estimates of willingness to pay (WTP) and willingness to accept (WTA) compensation for the same externality. The usefulness of all essentially micro, site-specific studies in national accounting depends critically on the extent of aggregation biases. These biases specifically depend on the substitutability and complementarity within and between land-use designations, as discussed with reference to the value of wildlife conservation below. These factors will be critical if WTP estimates are to be of use for aggregation to national income accounting.
There is much overlap in the designations between the groups in Table 4 ; Environment (1990) and Ministry of Agriculture, Fisheries and Food (1990) . See . 2. Several of these designations are not mutually exclusive, so that a total would include some areas more than once.
at London Metropolitan University on March 5, 2013 there may also be some overlap between the categories within groups, especially relating to conservation. It is assumed here that, for example, if an area in a National Park is designated a Site of Special Scientific Interest (SSSI), the benefits arising from the two designations will be additive even where they relate to the same area of land. Similarly, if a site is protected by two different forms of conservation designation, then it is assumed that the benefits from each will be additive for such a particularly valuable area. The list also treats separately the most recent environmental designation, namely that of Environmentally Sensitive Areas, which was first applied in 1987.
The major designation objectives of National Parks are the promotion of conservation and access, subject to maintenance of the welfare of local communities. This multiplicity of objectives is reflected in the different types of defensive expenditure within National Parks. They will here be assumed to have a mixture of non-use, indirect use and option values. Estimates from a contingent valuation survey in the Yorkshire Dales National Park (Willis and Garrod, in press ) indicate a mean annual bid price of £24.56 per visitor group (based on 296 observations: the term 'group' is preferred to 'households' here because many visitor groups will be greater than the individual household) to maintain the present landscape in perpetuity. Estimates, for those residents of the National Park area, of householders' willingness to pay were remarkably similar. Latest visitor numbers to all National Parks of England and Wales are estimated at 103 million, though no information is available on repeat visits (Countryside Commission, 1991) . Further information from the Yorkshire Dales study shows a mean party size of 3.22 and a mean annual number of visits of 6.94. Together these give an annual lower bound value of £152 million. Visitors from part of the landscape they a As discussed in the text, this reflects option value of the sample aggregated across total conservation area reported in Table 1 , or the conservation area plus the ESA area. b Reflects option value to urban dwellers on the edge of the Green Belt, rather than that value accruing to those living within the Green Belts, or the Green Belt plus the area of local authority designations. c Valuation of visitors' willingness to pay to protect landscape (both indirect use and option value) applied to the National Park area alone, or the National Park area plus that of all other recreation designations in Table 4. experience and, as numbers increase, the disutility from the lessening of opportunities for unique wilderness experience decreases as use of the goods reach congestible levels. The aggregation may be an overestimate for 1988 due to this and because of the substitutability of one designated area for another. The estimate of the amenity value of Green Belt land is based on a contingent valuation survey of willingness to pay for Green Belt to be retained as a proportion of existing local taxes, for a particular Green Belt (Willis and Whjtby, 1985) . This estimate of £327 per ha (1988 prices) was aggregated across the Green Belt area in 1988 in Great Britain to give a lower bound estimate of £642 million.
Information on the existence value of areas of the UK designated to conserve species and habitats is scarce. A proxy for the environmental benefits of these sites was their use value as revealed through visits specifically to view wildlife rather than for general recreation. A study of three Sites of Special Scientific Interest (SSSI) (Willis and Benson, 1988) provided an average consumer surplus of £41.97 per hectare, which when aggregated over the existing designations gave an environmental benefit of £94.12 million. The figure presented does not measure the existence value, which has not been estimated but would be additional to the use value calculated. Some of the designations overlap, so that a SSSI may also be designated under the EC's Bird Directive. Whilst it could be argued that aggregation across sites overestimates existence value, equally inclusion of separate estimates in cases of double-designation is defensible where it signifies international as well as national importance of the existence of some sites.
Extension of site-specific estimates of locally determined value may not be simply raised to the national level without consideration of the problems of aggregation, due to the related problems of substitution and complementarity. If a particular site were to disappear, part of the value attributed to it would simply be transferred to some other site, a bias evident from recreation demand studies of the use value of sites. For National Parks and other recreation sites, the availability of substitutes giving similar levels of utility will lead to overestimates of willingness to pay for the recreation experience. But, for those environmental goods which are complementary, to include only the irreducible, non-substitutable value of the site would under-estimate the appropriate value. The underestimate would be to the extent that sites may be complementary to other designated sites in another locality in the provision of particular ecosystems or corridors for wildlife. This will lead to an underestimate of the willingness to pay for those designations with low use values but large existence values.
The estimates for Great Britain can be compared to similar estimates for the aggregate value of recreation in the US, calculated to show the aggregate benefits of environmental protection in the US economy. The estimates in Table 6 separate the total value to households surveyed between recreation Source: Walsh and Loomis (1986) .
use value and public preservation value and show the value placed on recreational facilities, such as those in National Parks, and environmental protection programmes, such as those which preserve air and water quality (Walsh and Loomis, 1986) . They are based on a survey of 198 households in Colorado and were aggregates across an assumed 85 million households in the US to give the estimates in Table 6 . These are tentative results based on a contingent valuation study of households' willingness to pay for seven categories of environmental and recreation goods. The significance of the role of natural capital as a source of non-marketed welfare in the US economy is apparent, though a greater proportion may come in public preservation value of wilderness areas than is the case in our estimates for Great Britain. The adjustment for positive service flows leads to the account shown in Table 7 , with a positive service flow of £888 million from the land use sector, associated with the maintenance of bio-diversity, landscape and recreation. This is around 22% of the marketed net product of the land use sector here defined. Large gaps in the estimated benefits and costs of pollution and landscape remain, such as the defensive expenditures on Green Belts, the recreation and existence value of Environmentally Sensitive Areas, and the incurred costs of nitrate pollution latent in the ground from accumulated agricultural use. The modifications to the account are therefore incomplete, omitting many of the adjustments required to give a full indication of the role of the land-using industries in the national economy. The combined effect of the degradation of natural capital and defensive expenditures increases net product by £63 million. As noted previously, this estimate of sustainable income from the land-using sector excludes household defensive expenditures and full valuation of the costs of agricultural and forestry pollution, and includes an estimate for carbon fixing by the sector because carbon fixed for consumption outside the sector is treated as a net fixation by the land use sector. Similar figures for other sectors would be expected a priori to be negative; the water supply sector, the externalities of which are closely related to those of the land-use sector, however, would have similar positive flows from aspects of biological conservation.
Conclusions
The paper has reviewed the evolving methodology for modifying National Income Accounts and illustrated this with the cases of the main land-using industries, agriculture and forestry, in Great Britain. The need for sustainability modifications in national accounting systems has been recognized as an important contribution to resource management and policy as well as to the recognition that economic growth as measured by growth in economic indicators will not necessarily reduce poverty or protect the environment. In all of the adjustments, the difficulty in isolating a sector has been shown, when pollution is cumulative across sectors and positive externalities are associated with direct and indirect uses. The resource costs of assembling physical resource accounts are substantial, as experienced in France and other countries that use satellite accounts (Peskin and Lutz, 1990) . Even if the modified accounts are ignored, the collection of sectoral physical data, especially in a developing country context, will in any case be beneficial.
Adjustments to depletion of marketed and non-marketed natural capital for sustainability will necessarily initiate these 'satellite accounts' for physical flows of natural resources. The valuation of marketed reserves of extractable resources may be in terms of present value, given present technology, or of projected future prices and reserves. The environmental concentration of substances associated with land-using industries remain unrecognized as pollutants until they impact on society. The physical information required may be useful, along with land use modelling, to show the effects of agricultural and environmental policies on physical indicators. An example here is the carbon emission estimates, which are a prerequisite for an analysis of the effectiveness of carbon emission taxes and subsidies on total greenhouse gas emissions.
The usefulness of the adjustment towards a net welfare measure depends on the acceptance of the assumptions involved. Aggregation problems and the use of the designation process in determining positive non-marketed benefits may deter the acceptance of these adjustments. The use of the designation process would focus attention on conservation issues but would lead to one designated site being seemingly comparable in monetary terms with each other site in the same designation. The replication of service flows from the land-use and other sectors would depend on annual data being available to show how they change from year to year. Because of the data and analytical requirements for modifying national accounts, those presented for land-use sectors in Great Britain are incomplete in ways highlighted in the text.
The estimates presented here should therefore be taken as lower bound estimates of the full adjustments required to make environmental capital a full part of accounting procedures. The greatest part of the positive values, however, stem from non-development-related activities. A greater proportion of carbon is sequestered in land use which had not changed over the study period, and valued agricultural landscapes are protected by designation preventing land use and farming practice change. The positive contribution of the land-use sector to overall welfare in Great Britain occurs despite, rather than because of, modern farming and forestry practices. Notes 1. These conflicting objectives are highlighted for the US land use sector by Cabe and Johnson (1990) . The US Department of Agriculture carries out a periodic natural resources appraisal under the Soil and Water Resources Conservation Act of 1977, which accounts for magnitudes of 'stock' and 'flow' resources and which ultimately may be brought to a common unit of measurement, hence becoming a 'natural resource account'. 2. Additional to the problem of setting sectoral limits to the land use sector, a statistical collation problem is experienced in the UK. The Departmental National Income Calculation for agriculture is compiled for the UK. Forestry Commission data on the forest estate is for Great Britain only. Since many of the environmental externalities studies refer to Great Britain, this was taken as the accounting unit, by subtracting the equivalent Northern Ireland data from UK totals. 3. The relatively small potential contribution of the land use sector in this respect, leads to the conclusion that the focus of environmental policy, with respect to land use in Great Britain, should be on those issues of more pressing concern -agricultural surpluses, pollution, loss of wildlife habitats, and the socio-economic development or rural areas. If these policies are linked to land use which produces a net carbon sequestration, or reduces nitrous oxide emissions, such as decreased use of nitrogen based fertiliser, then the benefit of these policies will be enhanced. (Nordhaus, 1991; Morgenstern, 1991; Ayres and Walter, 1991) . Nordhaus (1991) for example investigates the optimal degree of control of greenhouse gases by equating marginal abatement costs with marginal damages if global climatic change occurs. His medium damage estimate is equivalent to 1 % of GNP, or around £4 per tonne of carbon, with middle range estimates of the critical parameters of potential costs and impacts on society. This is based on a profile of the US economy in steady resource state with the main impacts being on land lost due to increased sea level rise (91 percent of estimated cost), followed by agriculture, construction, recreation and energy industries. For many countries where agriculture constitutes a higher proportion of GNP than in the US, the potential damage of climate change would be likely to be greater, both due to the greater primary resource dependence and due to larger potential physical imapcts. Agriculture in other regions is also of greater significance than reflected in the proportion of marketed economic activity (as measured in GNP) due to only commercial agriculture being included in the marketed economy. The Nordhaus estimate is to be regarded as a minimum estimate of damage from global climatic change. Nordhaus's (1991) estimates of damage are based on US data from the Environmental Protection agency, but have been re-estimated by Morgenstern (1991) to be possibly three times as great as the Nordhaus estimates. Ayres and Walter (1991) give a cost per tonne C which is 10 times that of Nordhaus based on their own damage and cost functions, therefore closer to Anderson's estimate used here. The uncertainty as to the benefits of sequestering carbon are large.
5. The costs associated with phosphorus use in agricultural production seem to be declining due to changing management practices and this is not an important pollutant in aggregate terms in Great Britain. Aggregate estimates of this can be found in Centre for Agricultural Strategy (1978). 6. Critics of techniques of environmental valuation tend not to be in favour of measures of the costs of pollution. Blades (1989) for instance, concludes that the state of environmental evaluation is such that the benefits of pollution control are best assumed to be equal to the defensive expenditures.
